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A combination of 4-hydroxyanisole (4HA) and all-trans reti-
noic acid (T RA) was found to synergistically cause moderate 
to complete depigmentation of Yucatan swine skin. Two 
hyperpigmentation models were used: N atural dark-skinned 
swine, a potential model for melasma-like disorders, and ul-
traviolet light -stimulated hyperpigmentation, a model of 
solar lentigines. T est materials were applied twice daily, S 
djweek, to dorsal fl ank skin. Application sites were graded at 
weekly intervals for skin color using a 0 to 4 grading scale. 
After 8 weeks of trea tment of naturally dark swine skin, a 
combination of 2% 4HA and 0.01 % TRA produced grade 2 
hypopigmentation (definite but moderate hypopigmenta-
tion) . In contras t, 2% 4HA alone or 0.01 % TRA alone did 
D isorders of skin pigmentation such as solar lenti-gines, melasma, and post-inflammatory hyperpig-mentation are common problems encountered in clinical dermatology. Phenolic compounds such as hydroquinone (HQ) and 4-hydroxyanisole (4HA) 
[1], and retinoic acid [2], have been established as treatments for skin 
hyperpigmentation. However, these treatments are not completely 
satisfactory . In the case of HQ and 4HA, hi gh concentrations are 
req uired, which resul ts in side effects such as local irritation and 
irreversible depigmentation of surrounding normal skin. 
Epidermal hyperpigmentation may be categorized as melanotic 
and melanocytic [3,4]. Melanotic disorders ex hibit normal numbers 
of melanocytes but these cells produce higher than normal amounts 
of melanin pigment, e.g., post-inflammatory hypermelanosis, "cafe 
au lait " macul es , and melasma [4]. Melanocytic disorders are char-
acte rized by increased numbers of active melanocytes as well as 
increased melanin production, as in the case of solar lentigines [4] . 
Several animal models have been used to evaluate compounds for 
skin depigmenting potential. W e have sel ected the Yucatan swine 
because the skin of this animal has close morphologic resemblance 
to h uman skin [5 -9]. Using the swine, we have developed two 
models representing the different types of skin hyperpigmentation 
disorders; melanotic and melanocytic. O ur observations have 
shown that, li ke human skin [10], naturally dark swine skin contains 
the same number of melanocytes per unit area compared to li ght 
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not produce significant hypopigmentation. After cessation of 
treatment, the 4HA/ TRA-treated sites reverted to normal 
color within 7 - 12 weeks. The 4H A/TRA combination 
completely reversed the hyperpigmentation induced by ul-
traviolet light after 8 weeks of treatment. I II vitro skin-pene-
tration studies using hairless mouse and human skin show 
that skin penetration of 4 HA was not significantly affected by 
adding 0.01 % TRA. These data suggest that the observed 
synergy is not due to enhanced bioavailability of 4HA. W e 
have demonstrated that combining low concentrations of 
4HA and TRA results in effective skin lightening without 
causing irreversible depigmentation and with minimal local 
skin irritation.] III vest Derllla to/101 :145-1 49, 1993 
skin, but there is a higher density of melanin pigment. This case may 
represent changes associated with melanotic disorders. This model 
has been validated using compounds such as HQ and 4HA with 
known skin-depigmenting activity in humans [9]. In the second 
model , light-skinned Yucatan swine were hyperpigmented by ex-
posure to ultraviolet light. This induced hyperpigmentation is char-
acterized by an increase in the nu mber of active melanocytes and 
also by increased melanin sy nthesis and may be re fl ective of human 
melanocytic hyperpigmentation. 
W e evaluated the usefulness of various compound combinations 
for improved effi cacy and reduced toxicity in the above two models. 
In choosing components, we targeted compounds that would likely 
have different mec hanisms of action w ith respect to the inhibition 
of the pigmentary process. W e hypoth esized that blocking two 
different targets in the pigmentary process could lead to a synergis-
tic depigmenting activity. It was also postulated that combinations 
using lower concentrations of known depigmenting agents, such as 
4HA and TRA, could reduce the undesired side effects such as 
irreversible depigmentation of normal skin exhibited by 4HA. 4H A 
was selected over HQ and other phenolic compounds for its lower 
potential fo r inducing local skin irritation. 
MAT ERIALS AN D METH O DS 
Animals Young Yucatan miniature swine (4 to 6 months of age) with 
rela tively hairless skin and even skin color were purchased from Charles 
River Labs (Windham, ME) . The animals were housed in accordance with 
the N ational Institutes of H ealth guidelines [11) at the Laboratory Animal 
Facilities, State Universiry of New York at Buffa!o, and were allowed water 
ad libitulII and fed with sufficient food (Agway Minipig C how) to maintain 
normal growth. The animals were accl imated fo r at least 2 weeks prior to 
initiation of tests. Female hairl ess mice (HRS/ J) , age 6 to 8 weeks, were 
purchased from J ackson Laboratories (Bar Harbor, ME). Animals were quar-
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Table J. Grading System for Local Skin lrritation 
Grade 
I 
2 
3 
4 
Erythema 
Minimal redness 
Slight we ll defined redness 
Moderately red or bri ght 
redness 
Severely red or beet red 
Scaling 
Minimal scaling 
Slight fl aking of small scales 
Moderately large fl akes with 
fi ssure 
Large flakes with fi ssure and 
bleeding 
antined for up to 7 d and were housed individually with free access to food 
;md water. 
Normal Dark-Skinned Swine Model Seven animals with dark brown 
skin were selected to evaluate the hypopigmenting effect of test material On 
dark skin. Five to six sites measuring 12.5 cm2 were marked on each side of 
the dorsal midline. Twenty fi ve microliters of the test material prepared in 
an alcoholic solution was applied twice daily, 5 d per week, for up to 12 
weeks. The test sites were graded weekly for signs of local irritation using 
the Draize (0 to 4) grading method [1 2] (Table I) and hypopigmentation 
using a scale of 1 to 4: 1, complete depigmentation; 2, moderate and uniform 
hypopigmcntation; 3, small spots of hypo pigmentation; and 4, notmal skin 
color. . 
UVR Stimulated Hyperpignlentation Model The radiation source 
was a 1 50-watt Xenon arc solar ultraviolet simulator lamp (Model 12S, Solar 
Light Co., Inc., Philadelphia, PA) emitting both ultraviolet B (UVB, 295-
320 nm) and ultraviolet A (UVA, 320 -400 11m) light. A l-mm Schott WG 
320 filter and UG 11 filter were installed to screen out and eliminate the 
wavelengths below 295 nm and absorb visib le and infrared radiation, re-
specrively. A 50-em liquid light guide was connected to the solar simulator 
and intensity measurements were taken at the end of the guide using an 
III 700 radiometer (International Light Co.). The irradiance va lues were 
0.28 m W /cm2 for UVB and 16 mW /cm' for UVA. 
Four Yucatan swine with light-brown skin were sedated with a combina-
tion ofkctamille (20 mg/kg) and acepromazin e (10 mg/kg) given intramus-
cularly. The dorsal flank region on either side of the spine was divided into 8 
to 10 sites per side. The end of the liquid light guide was placed next to the 
skin , and a ci rcular area 1 cm in diameter was exposed to 1 minimal erythema 
dose (MED) . The MED was determined for each swine at 24 h after expo-
sure to three qf four different doses of UVR ranging between 1.5 J/cm2 and 
4 J/cm2 (UVA + UVB). T he MED was selected as the pigment-stimulating 
dose primarily to avoid the localized skin irritation and damage associated 
with higher doses ofUVR. The UV-exposed sites were evaluated weekly for 
changes in skin pigmentation on a scale of 0 to 4. This grading system is 
different from that described for the normally dark-skinned swine. 1n this 
case, 0 is normal skin color, 1 is minimal increase in pigmentation, 2 is 
definite uniform increase in pigmentation, 3 is moderate increase in pig-
mentation, and 4 is dark brown compared to the surrounding skin color. For 
test compound evaluation, 2 ,uljcm' of hydroethanolic solution was applied 
twice daily, 5 d per week, for up to 10 weeks to selected si tes that had 
an ai ned the maximal hyperpigmentation score of 4 after UV exposure. 
During the development of this model, skin biopsies from sites exposed to 
different UV doses were taken at selected periods (3, 7, 14,21, and 49 d) 
after the exposure. Each skin sample was divided into two equal halves and 
one portion was fixed in 10% buffered formalin and processed. and stained 
with Fontana-Masson silver stain to visualize melanocytes and pigment. The 
other halves of the sa mples were incubated in 2 N sodium bromide at 37°C 
for 2 h. The epidermal sheets were separated from the dermis and incubated 
overnight at room temperature in 0.1 % L-3,4-dihydroxy-phenylalanine (L-
DOPA) in 0.1 M sodium phosphate buffer, pH 7.4. These sheets were next 
fixed in 10% buffered formalin, dehydrated in a graded series of ethanol, and 
cleared in xylene. The epidermal sheets were mounted on glass slides and rhe 
visible dopa-positive melanocytes were counted at 400 X magnification with 
the aid of an image analyzer (Image Measure, Microscience, Inc., Federal 
W ay , WA) . 
In Vitro Skin Penetration In an effort to determine if enhanced skin 
penetra tion of one or both of the components was a potential mechanism for 
the synergistic effect, skin permeation of 4HA was determined in vitro in 
hai rless mouse and human skin. Skin samples with the stratum corneum 
fac in g ourward were mounted on Franz diffusion cell (Crown Glass, Somer-
ville, NJ) with 15-mm-diameter openings. The skin specimen was held in 
place with a rubber o-ring overlaid by an open glass cover that was kept in 
place by metal clamps. The receptor chamber of the diffusion cel l was filled 
to capacity (8 ml) with normal saline (receptor fluid) and maintained at 
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37" C by circulating water through the glass waterjackct. T he dermal side of 
the skin was kept in constant contact with normal saline. The receptor fluid 
was kept stirred throughout the experiment with magnetic stirrer. 
Fresh full thickness skin from the dorsum of female hairless mice (body 
weight 25 to 30 grams) were excised and mounted on Franz diffusion cells 
(I 5-mm diameter) . Skins were taken from naive control animals as well as 
animals that had been pre-treated ill "illo with 4HA/TRA combination . Skin 
penetration of 4HA was compared after a single ill vitro application of 4HA 
alone or 4HA/TRA combination in skin taken from mice that had received 
no ill vivo pre-treatment. Penetration of 4HA was also determined after a 
single application of 4HA/TRA combination in skin taken from mice that 
were prc-trcated ill vivo once daily for 7 d with a hydroethanolic vehicl e or 
4HAjTRA combination. Ten microliters of hydroethanolic solution of test 
material containing 1 ,uCi of 14C-4HA (specific activity 50 mCi/ nmol , 
Moravek Biochemicals Inc., Brea, CAl was applied to the stratum corneum. 
At various time intervals during the next 24 h, receptor solution samples 
(100,u1) were taken and assayed for radioactivity. The receptor fluid was 
replaced with equal volume of normal saline after each withdrawal. At the 
end of the skin permeation study, the stratum corneum surface of the mouse 
skin was gently rinsed several times with a hydroa lcoholic solution to re-
move any residual surface drug activity. The epidermis was separated from 
the dermis, weighed, and digested in soluene 350 and analyzed for radioac-
tivity using Dimilume cocktail (Packard). 
For the ill vitro human skin permeation study, cite human cadaver skin 
obtained from the New York Fire Fighters Skin Bank were used. The skin is 
supplied frozen as sterile, split-thickness skin with most of the underlying 
dermis already removed. Skin samples were thawed at room temperature and 
rinsed in normal saline for 30 min. Specimens were sectioned in squares to fir 
the I S-mm diameter diffusion ce ll s. Fifty microliters of test solution was 
applied to the stratum corneum. At various time intervals during the next 
72 h, receptor solution samples (200 ii I) were taken and assayed for 4HA by 
high-performance liquid chromatography. At the end of the study, the 
sCratum corneum surface was wi ped four times with cotton soaked in water 
to remove any drug absorbed into the skin surface. The epidetmis was 
separated from the dermis and dried at toom temperature. Known weights of 
epidermis and dermis were transferred to vials containing 5 g of deionized 
double-distilled water and agitated for 20 h. The extracted solution is then 
filtered through Millex-GV (0-22,um) filter. The filtrace was analyzed by 
high-performance liquid chromatography. 
Test Compounds 4HA and HQ were purchased from Aldrich Chemical 
Co. (Milwaukee, Wisconsin), and TRA from Eastman Kodak Co . (Roches-
ter, New York). Test compounds prepared in an hydroethanolic solution 
were stored in amber vials at 4°C during the study. 
Statistical Analysis Data are presented as means ± SO. Statistically sig-
nificant differences between means were determined using the Student t rest. 
RESULTS 
Hypopigmentation of the Normal Dark Yucatan Swine 
W e examined the effect of varying both the 4HA and TRA concen-
trations. Figure 1 shows the concentration dependence afte r 8 
weeks of topical treatm ent with 4HA alone as compared to the 
combination of varied concentrations of 4HA and 0 .01 % T RA. 
After 8 weeks of repeated applica tion, 5% 4HA a lone showed mini-
mal hypopigmenting activity (Fig 1). Combining 1 %, 2%, or S% 
4HA with 0.01 % TRA resulted in significantly more activity than 
4HA or TRA alone. After 12 weeks of repeated applicatio n , TRA 
alone at 0 .01 % produced no hypo pi gm e nting activity as compared 
to 2% 4HA combined w ith 0 .01 % TRA (Fig 2). Also, 4HA (2%) 
co mbined with TRA at 0.1 % and 0.025% concentrations was not 
significantly different from that observed with th e combination 
with TRA 0 .01 % (data not shown) . Of all the concentrations tested, 
2% 4HA combined with 0.01 % TRA showed the most consistent 
and marked synergy. This com.bination of 4HA/TRA (2%/0 .01 %) 
caused little or no signs of local irritation such as erythema o r sca-
ling. It is also noteworthy that th e color of th e hypopigm ented site 
reverted to normal color within 7 to 12 weeks after the 4HA/TRA 
treatme nt was discontinued. Results o btai ned with the dopa-reac-
tion method show that during the course of treatment the melano· 
cyte density in the 4HA/TRA-treated skin did not appear to be 
markedly different from that observed in the non-treated control 
si tes. However, compared to the non-trea ted sites, a definite de-
crease in the size of th e cell body and dendrite length was apparent 
In the 4HA/TRA-treated sites. This decrease in the size of the 
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Figure 1. Dose-dependent hypopigmentation of normal dark Yucatan ' 
swine skin following topical application of different concentrations of 4HA 
alone or in combination with TRA. 4HA alone (e) or in combination with 
TRA (0 .01 %) ( ... ) was applied twice daily. 5 d per week for 8 weeks to 
defined skin sites. Test sites were graded weekly on a scale of 1 to 4. 1 being 
complete depigmentation and 4 being normal skin color (see Materials atld 
Methods for details) . Each data poitl! represents the mean of seven animals ± 
SD. Asterisks, statistical difference from 4HA alone. p = 0.05. 
melanocytes was evident when the skin color had visually decreased 
to a grade of 2. Six to 12 weeks after discontinuing treatment, the 
size of the melanocytes and length of the dendrites appear to return 
to near normal. 
Reversal ofUVR-Induced Hyperpigmentation Exposure of 
light-brown Yucatan swine skin to UV radiation produced a dose-
and time-dependent increase in local pigmentation. The visible pig-
mentation peaked by 14 to 20 d after a single exposure and remained 
elevated for up to 49 d (Fig 3A). A corresponding dose- and time-
dependent increase in the number of dopa-positive melanocytes was 
evident in the dopa-reacted split skin epidermal mounts (Fig 3B). 
Even though there was a gradual decrease with time in the number 
of the dopa-positive melanocytes, the active melanocytes and their 
dendrites remained dark and elongated accounting for the increased 
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AFTER 12 WEEKS OF TREATMENT 
Figure 2. Comparative hypopigmentation of normal dark swine skin fol-
lowing topical application of 4HA with and withoutTRA. Test material was 
appl ied twice daily 5 d per week for 12 weeks to defined skin sites. Test sites 
were graded weekly on, a scale of 1 to 4. 1 being complete depigmentation 
and 4 being normal skin color (see Materials atld Methods for details). Unlike 
sites treated with 4HA or TRA alone. sites treated with the 4HA/TRA 
combination caused almost complete depigmentation after 12 weeks of 
treatment. 
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DA YS AFTER SINGLE UVR EXPOSURE 
Figure 3. Dose- and time-dependent increases in pigmentation and visible 
melanocyte number at the epidermal-dermal junction in the light-brown 
Yucatan swine skin following a single exposure to UVR. The three UVR 
doses used were e. 0.75 J/cm2; .... 1.3 J/cm2 ; and •• 2.0 J/cm2 • Skin 
pigmentation (A) is graded on a scale of 0 to 4. wher~ 0 is normal skin color 
and 4 is dark brown as described in the Methods section. Melanocytes were 
visualized microscopically following dopa reaction of the split skin epider-
mal section and counted with the assistance of an image analyzer (B) . Each 
data point represents the mean of four animals ± SO. 
melanin transport and continued hyperpigmentation of the skin. 
Compared to the unexposed skin, an increase in the size of the 
melanocytes was apparent 3 dafter UV exposure. A marked increase 
in the number and size of melanocytes and their dendrites was 
observed 7 d after the UV exposure. 
As shown in Fig 4, topical application of 4HA alone to the UVR-
induced hyperpigmented skin produced very little reduction in 
the color of the hyperpigmented spot or even the normal skin 
surrounding the hyperpigmented spot. Topical application of the 
low concentration of TRA (0.01 %) alone also was not effective. 
4HA (2%) combined with TRA (0.01 %) was significantly more 
active than 4HA or TRA alone and produced complete depigmen-
tation of the UVR-induced hyperpigmented spots within 8 weeks 
of treatment. The results also indicate that the hypopigmenting 
effect of 4HA/TRA on the normal skin surrounding the hyperpig-
mented skin was slower and first became apparent after 4 weeks of 
treatment. On the other hand, first signs of reduction in the color 
(grade 3) of the UVR-stimulated hyperpigmented skin was appar-
ent after the second week of treatment with the 4HA and TRA 
combination. 
In Vitro Skin Penetration III vitro skin penetration of 4HA was 
compared after a single application of 4HA alone or 4HA combined 
with TRA to hairless mouse skin. The results show that the pene-
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Figure 4. A comparison of the hypopigmenting effect of 4HA or 4HA 
combined with TRA on UV light -stimulated hyperpigmentation of th e 
Yucatan swine skin. e, 4HA 2%; A, 4HA 2%/TRA 0.01 % combination; 
and ., 4HA 2%/TRA 0.01 % combination (evaluation of normal skin 
surrounding the UVR-stimulated area). Test materia l application was initi-
ated after attaining maximal hyperpigmentation, twice daily, 5 d per week 
for 8 weeks. Skin pigmentation was graded weeklyon a scale ofO to 4, where 
o is normal skin color and 4 is dark brown as described in the Methods section. 
Each data point represents the mean of four animals ± SO. A sterisks, statisti-
cal difference from 4HA alone group and/or (" ) 4HA/TRA combination-
treated normal skin, p = 0.05. 
tration in vitro of 4HA through hairless mouse skin is close to 50 and 
60% at 10 and 24 h, respectively; and this is not significantly in-
fluenced by th e presence ofTRA. Twenty four hours after applica-
tion, less than 5% of the applied dose of radioactive 4HA was re-
tained in the epidermis and dermis. Furthermore, skins taken from 
mice that were pre-treated in vivo for 1 week with th e combination 
of 4HA and TRA did not appear to be significantly more permeable 
to 4HA as compared to that of skins taken from mice pre-treated 
with the vehicle alone or no pre-treatment. 
The results given in Fig 5 indicate that the permeation of 4HA 
across human skin is also not significantly influenced by TRA. This 
study showed that close to 40 and 60% of the applied dose of 4HA 
permeated across the skin in 24 and 72 11, respectively. After 72 h, 
very little 4HA was detected in the epidermis or dermis. 
DISCUSSION 
These results have demonstrated tha.t the low concentrations of 
4HA (2%) or TRA (0.01 %) alone have little or no hypopigmenting 
activity but, when combined, produce moderate to complete depig-
mentation of normally dark skin and UVR-induced hyperpig-
mented skin of the Y lIcatan swine. This effect of the 4HA and TRA 
combination is greater than additive and is indicative of synergistic 
ac tivity. W e did not see greater improvement when 4HA (2%) was 
co mbined with higher concentrations of TRA. The 4HA (2%)/ 
TRA (0.01 %) combination also demonstrated minimal local skin 
irritation and lowered the potential of 4HA to calise permanent or 
irreversible depigmentation. Therefore, the results presented here 
have demonstrated that it is possibl e to a.ugment the hypopigment-
ing potential of a low concentration of 4HA with TRA without any 
corresponding increase in side effects. 
Both 4HA and TRA have been reported to reduce hyperpigmen-
tation in humans [2,13 - 15]. The principal mechanism by which 
phenols such as 4HA cause hypopigmentation of skin appears to be 
by selective toxicity to melanocytes (16). 4HA has demonstrated 
selective melanocytotoxicity in both jl'lliitro and j'l l1ivo systems [16J. 
In lIitro studies in normal melanocyte culture have shown that 4HA 
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is rapidly oxidized by tyrosinase to cytotoxic qui nones and semi-
quinone free radicals [17]. These free radicals have been proposed to 
be responsibl e for the damage to the melanocyte membranes [18] . 
This speculation has been supported by the findings that free radical 
scavengers protect against th e 4HA-induced melanocytotoxicity 
[18). 
Vitamin A and its derivatives are known to control cell growth, 
differentiation and proliferation of various cell types, including 
melanoma cells [19,20]. TRA is known to increase epidermal cell 
turnover in normal skin and suppress epidermal turnover under 
stimulated or hyperproliferative conditions. In disorders of hyper-
pigmentation, melanocytes appear to be in a stimulated state ex-
hibiting an increase in number and/or increase in melanin produc-
tion. Because TRA appears to be more active in the inhibition of 
melanin synthesis and tyrosinase activity of stimulated cells than 
non-stimulated cells [21,22]' we propose that the hyperactive mela-
nocytes in the UV-exposed skin may have greater sensitivity t() 
TRA and hence are more susceptible and sensitive to the cytotoxic 
and inhibitory effects of 4HA and TRA. This may partly explain 
why the 4HA/TRA combination could achieve an earlier onset of 
hypopigmenting activity in UV-stimulated skin as compared (0 the 
surrounding normal skin. 
Retinoids are also reported to reduce cohesiveness of corneocytes 
and promote desquamation of cells [23]. This decrease in the normal 
number of cell layers at the stratum corneum reduces the skin barrier 
while improving the penetration of other topical agents. Indeed , 
TRA has been shown to enhance its own penetration over time in 
some species [24) . Therefore, it was speculated that TRA increased 
the skin permeability to 4HA thus elevating the concentration of 
4HA at the melanocytes and leading to the synergistic effect. How-
ever, our data show that permeation of 4HA through human and 
mouse skin was not significantly improved by the low concentra-
tion of (0.01 %) TRA. Our results also indicate that at least after a 
single application, the permeability profile of 4 HA in human skin is 
similar to that seen in mouse skin. Even multiple ;11 "ivo pre-treat-
ment of mice with the 4HA/TRA combination for up to seven 
consecutive days did not significantly improve the skin permeability 
of 4HA. H ence, TRA-induced skin permeability does not appear to 
be a major factor in explaining the sy nergistic action. The high skin 
permeation of 4HA alone (40 -60%) can be explained by its phy-
sico-chemical characteristics such as low molecular weight and its 
ability to solubilize both in aqueous and lipid domains of the skin. 
These initial studies examining the effect of multiple application of 
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Figure 5. Comparison of ill Ili/ro skin penetration of 4HA after treatment 
with 4HA alone or 4HA combined with TRA co human skin. Skin was 
mounted on static Franz chambers with the dermal skin in contact with tht 
receptor solution (normal saline). Each skin was treated ill vilro by evenly 
spreadl11g over the stratum corneum surface with an alcoholic solution of?% 
4HA or a combination of2% 4HA and 0.01 % TRA. Penetration of 4HA w as 
determined during a 72-h period by high-performance liquid chromatogra. 
phy . Vert ica l bars, ± SO. 
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4HA/TRA on skin permeability of 4HA were carried out in hairless 
mice only in the interest of minimizing the use of the larger animal. 
Furthermore, the hairless mouse has been extensively used because 
of the reported similarity of its skin barrier properties to human skin 
in the absorption of agents such as anti-inflammatory steroids 
[25,26]. 
Skin color is dependent on the size and number of melanin gran-
ules in the keratinocytes [27]. Hence, hypopigmentation could be 
achieved with the 4HA and TRA combination by interfering with 
the production as well as transport of melanin into the keratino-
cytes . This speculation is partly supported by the findings of Hosoi 
and co-workers [21] in melanoma cells. At 10- 5 M concentration 
TRA was reported to decrease the number of melanoma cells in 
culture as measured by the DNA content [21] but elevated the 
melanin content per cell. A similar phenomenon was also observed 
in vivo in mice exposed to UV radiation [28] . Topical treatment with 
TRA alone caused a visible decrease in the UV -induced pigmenta-
tion of mouse skin. This reduction in gross pigmentation was re-
flected microscopically as a decrease or absence of pigment over the 
epidermal layer as compared to the UV-exposed control mice. 
However, examination of the epidermal-dermal junction where the 
melanocytes reside failed to reveal any decrease in the density of 
melanin and melanocytes. This observation suggests that TRA 
probably caused hypopigmentation of skin by blocking the trans-
port of melanin into the keratinocytes while leaving the melano-
cytes relatively intact. In the current study, the marked change in 
the morphology of the melanocytes with shortened dendrites also 
suggests that the 4HA/TRA combination may interfere with the 
transport of melanin into the keratinocytes. Hence, it is speculated 
that the combination of 4HA and TRA probably inhibits the pig-
mentation process both at the synthesis and transport stage. Al-
though this is an attractive explanation, more definitive data are 
needed to prove this hypothesis. 
The mode of action responsible for the synergistic hypopigmen-
tation by the 4HA and TRA combination is unclear, but it is highly 
probable that more than one mechanism of action is involved. More 
work is needed and is in progress in our laboratory to understand the 
mechanism of action of the synergistic effect of 4HA and TRA in 
decreasing skin pigmentation . 
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